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Abstract 
Since PERT was introduced in 1950’s, many researchers have developed models to evaluate the probability of project 
success, which is to meet the target in terms of time and/or cost by considering uncertainty. This probability can be 
seen as the project reliability. In this paper, we proposed a model to measure project reliability with time and cost as 
the targets by considering resource availability under uncertainty. Typically, resource is also a factor that contributes 
to the time and cost uncertainty. Study in the field of project reliability has evolved but there were no further study re-
viewing relationship between resources and both time and cost of the project. Therefore, in this research, we 
developed a model to explain various type of relationship among time, cost, and resource that mostly are prioritized 
in the project planning. We also provide a technical solution for this type of problem using Monte Carlo simulation. 
A numerical example is provided to give an illustration and to measure the level of practicability of this model to deal 
with real world problems. 
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1. Introduction 
Project is a series of activities and tasks that has certain goals with certain specifications; it has a 
limited funding, and uses resources both animate and inanimate (e.g.: facilities, raw materials, and 
machinery) [1]. In practice, there are many challenges in managing projects, especially because each 
project is unique. Therefore, a good project management is required to run and accomplish the project 
successfully. There are three phases in the project management: planning, implementation, and control 
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[2]. The success of a project can be measured from the quality, cost, and duration of the project 
completion known as the Iron Triangle. The trade-off within the triangle criteria has attracted many 
researchers. Many authors have investigated the Iron Triangle, particularly focused on a single criteria 
(quality/cost/time only) or on combined objectives, i.e.: the trade-off or relation between criteria [3]. A 
number of optimization models considering time-cost-quality trade-off in project planning have been also 
been introduced [4,5,6,7]. 
In the planning stage, CPM and PERT methods have been widely used to calculate the time of 
completion of a project. CPM is used when the duration of each activity is deterministic, while PERT is 
used when the duration of each activity is stochastic. Many attempts have been made to model uncertainty 
as well as the relationship between two or more aspects in the project. In the aspect of cost, Elkjaer 
proposed a concept of Stochastic Budget Simulation to measure probability a project meet the cost target 
under uncertainty using modified PERT concept [8]. Looking at different aspects, Taylor and Davis 
developed a model to explain time and cost relationship under uncertainty and provided a technical 
solution to evaluate success probability of the project to meet each target by utilizing Monte Carlo 
simulation and GERT network [9]. Buratti et al defined quality as conformance to established 
specifications in the project and examined the additional costs incurred when an activity failed to meet the 
specifications (non-conformities) [10]. Dawson and Dawson developed a model of project network that 
can accommodate the possibility of success or failure (as a representation of quality) in a project GAN 
(Generalized Activity Network) [11]. In addition, a concept and model to calculate project reliability (the 
probability of a project meet the targets in term of quality – cost – time under uncertainty) by utilizing 
Generalized Activity Network and Monte Carlo Simulation has been proposed [12]. It also explored the 
relationships of quality-time-cost to explain the real world situation related to these three. 
The main purpose is to evaluate project probability in term time and cost only, ignoring the quality 
aspect in the model as developed by Saputra and Ladamay [12]. One important aspect that might has 
significant impact to the project reliability in the Taylor and Davis [9] model will be added; the resource. 
Studies in the field of project reliability has evolved but there has been no further studies reviewing 
resource relation with time and cost of the project to measure the success of the project to meet the target. 
Based on this condition, this study will discuss how to measure the project reliability (the probability of 
success of the project meet cost targets and time) by considering the relation between time, cost, and 
project resources under uncertainty. 
2. Modeling Time – Cost – Resources considering uncertainty 
In a project planning, the project manager lists all activities and determines the sequences, and set the 
constraint factor for each of activities. In some project, the completion time of an activity is the constraint. 
Thus, the resources and cost will automatically set to meet the estimated time of completion. In the other 
hand, some cases were faced with a fixed amount of resources. In such condition, the completion time and 
cost should follow the resources availability. Meanwhile, the budget in some projects are not flexible, 
causing the amount of resources and completion time to be adjusted based on the budget availability. A 
question emerges on how to develop a model explaining the relationship among time – cost – resources in 
every type of aforementioned constrained projects under uncertainty. In this paper, we limit resources 
definition as worker, material, and equipment only. We also concern in planning only and ignore the 
trade-off between time-cost-resources, which actually should be considered in managing project crashing 
or project accelerating. In addition to the project reliability evaluation, we use Monte Carlo simulation to 
obtain the universe of possible different project and compute the statistical distribution functions of 
project cost and duration.  
2.1. Time Constrained Activity 
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Typically, activities in a project must be completed in a certain period of time, especially the activities 
in the critical path. This has made the project manager adjusting the resources to ensure the completion 
time is on schedule. However, in this situation, total cost is a function of resource cost per unit of time, 
amount of resource used, duration of each resource use, and the uncertainty factors. Source of uncertainty 
in resource cost is contributed by many factors, i.e.: currency exchange, fluctuation of market price, 
inflation and price escalation from the contract date to the execution date, etc. Source of uncertainty in the 
amount of resource used may be influenced by a defect rate (in material), labor skill level, equipment 
maintenance, equipment reliability, etc. An example of activity in this type of project is given in Table 1. 
Table 1. Model of time – cost – resources relationship in a time constrained activity 
 
 
 
 
 
 
 
 
Based on Table 1, activity A needs to be completed in 4 weeks. Hence, the planner must prepare the 
available resources so as to avoid the violation of time constraint. Material used is fixed and independent 
to the duration. Small additional material might be required to anticipate the defect (discrete uniform 
between 20 – 50 units). Uncertainty occurs in the amount of worker and equipment due to several factors, 
e.g.: labor skills, equipment reliability, equipment maintenance, etc. The number of actual worker or 
equipment required can be adjusted within a given range to ensure 4 weeks completion (discrete uniform 
between 11-14 workers for equipment and discrete uniform in between 4 – 6 for equipment). For unit 
price of each resource, we provide examples for uncertainty due to currency exchange (worker rate), price 
escalation (material rate), or fluctuating market price (equipment rate). Finally, a cost function is provided 
to evaluate the total cost of activity A. The functions can be derived from the multiplication of the 
amount, unit price, and duration of the resource use, except for the material we do not need to include 
duration as it is time independent.  
In the model examples, we simply select uniform and normal distribution to demonstrate how the 
model works. When applying this model to the real problem, appropriate distribution relevant to the case 
should replace the distributions used in the examples.   
2.2. Resource Constrained Activity 
Resources availability in the early stage during the planning phase may become a constraint for a 
project. In this case, number of resources is set first and considered deterministic. However, the resource 
price rate still holds uncertainty. Each resource usage (in term of time/duration) may be different among 
the types of resource, but the longest duration will determine the total duration of all activity. The 
duration of each resource used may be uncertain since we do not know about the level of labor skills, 
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equipment reliability and availability. Finally, once again, cost is a function of interaction among time, 
resource usages, resource price rate, and uncertainty factors.  
An illustration of this type of project is given in Table 2. For example activity B has a constraint where 
only 5 workers and 2 units of equipment are available. Five workers is considered capable to finish the 
task within the targeted time, but since the planner do not have a knowledge about the worker skill level, 
so he sets the probability of usage and duration as follow: 0.2 for 4 weeks, 0.45 for 5 weeks, and 0.35 for 
6 weeks. The equipment will only be used for 2 weeks, which is at the final weeks of the activity. For 
material, since it represents time based material in this case, so it is set at 300 liter/week. The total cost 
will change when one or more variables change because the function is the multiplication of the amount, 
unit price, and duration of the resource use. 
 
Table 2. Model of time – cost – resources relationship in a resource constrained project considering uncertainty 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3. Budget Constrained Activity 
If a project manager deals with an activity involving budget constraint, the focus will actually come to 
the situation we discussed earlier in Section 2.2. The project manager will choose a minimum resources 
and sometimes sacrifice the time to keep the budget on plan. However, in some cases the project manager 
may choose to outsource the activity to the third party. When it is the case, the project manager does not 
need to set the resource as it has already been managed by the third party. However, sometimes there is a 
probability that the third party will perform the activity slower than expected or behind schedule. 
For example in activity C, the project manager has chosen to appoint a vendor namely Vendor X to 
perform the detailed activities. Vendor X is awarded a contract of USD 25.000 to complete the activity 
within 5 weeks. The currency exchange rate if 1 USD is ranged from IDR 13.200 to 13.750. A penalty 
will be given at 2% for each week of lateness. Considering the uncertainty, the estimated completion time 
would follow a discrete uniform (4-7) weeks distribution. The cost function will follow equation (1).  
 
 
                  (1) 
where t is the time or duration of activity C.   
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2.4. Uncertainty in Time – Cost – Resources Price Rate 
In reality, there is another time – cost – resources relationship considering uncertainty which is 
different with the three models discussed above. This is the most complex uncertainty problem that may 
exist in a project. This uncertainty occurs when the planner is not sure about the activity duration, amount 
of resources usage and resources price, while at the same time the price rate is fluctuating due to market 
price or currency exchange factor. This type of model actually similar with activity B from example 2 in 
Section 2.2, with uncertainty exists in the amount of resource required. Table 3 exhibits the example of 
this case. 
 
Table 3. Model of time-cost-resources relationship when duration, resources usage, and resouces price rate are uncertain 
 
 
 
 
 
 
 
 
 
3. Monte Carlo Simulation Concept to Calculate Project Reliability 
The Monte Carlo simulation is required to calculate the project reliability. Following is the steps 
required to perform the simulation: 
Step 1: Determine the project target, for example D0 as the duration target and C0 as the total cost target 
Step 2:  Determine number of iterations, let say for example 10.000 iterations (n). It means we need to 
prepare 10.000 random number for each random variables to simulate the experiment 10.000 
times. The number of iterations should be set based on the length of confidence interval required. 
However, if the simulation does not require a long time to run (no significant price to pay 
regarding the iteration number), it is easier to set the iteration at a quite large amount, for 
example 1000, or 5000, or 10.000. 
Step 3: Prepare the simulation model. Run the simulation and collect the simulation outcomes, i.e. TD 
for total duration and TC for total cost. Consider the potential change on critical path, since the 
duration is uncertain. 
Step 4: Collect the A statistics for each iteration. A is binary. A value is equal to 1 if the TD İ D0 and 
TC İ C0, otherwise is 0. 
Step 5: Calculate the project reliability (Pr) as follow:  
 
  (2) 
4. Numerical Example 
The numerical example in this paper aims to show how the proposed model works. Let Project X-123 
be the example with the network is given in Figure 1. Detail activities in this project were taken from the 
previous section (Table 1, 2, and 3).  
n
A
n
i
i¦
  1Pr
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Figure 1. Network of project X-123 
 
For instance, Company X is contracted to complete Project X-123. The project should be completed in 
15 weeks, with a penalty of 1% from the contract value for each week of lateness. The project contract 
value is IDR 1.1 billion. Company X has a target to obtain at least IDR 100 million from the contract as 
the profit. Details of time, cost, and resource planning that consider uncertainty is mentioned in Section 2. 
The question in the planning is what the probability of completing the project by: 
• Less than or equal to 15 weeks? 
• Obtaining a total cost of max IDR 1 billion while considering the penalty and some resource 
price rate in USD? 
• Satisfying both targets, project completion least than or equal to 15 weeks and total cost at 
maximum of IDR 1 billion 
 
Activity A and B is based on illustration in Table 1 and Table 2. Activity C is based on the example in 
Section 2.3, and activity D was explained in Table 3. There are 2 potential critical paths, i.e.: A – B – D 
and A – C – D.  
In this numerical example, we prepare the simulation for 10.000 replications. Based on the simulation, 
statistics are then collected. Figure 2 (a) provides the result of simulation with objective to check the 
probability of the project to meet 15 weeks duration (as project duration target). From 10.000 replications, 
there is a 65.5% chance the project can be completed in less than or equal to 15 weeks and 34.5% chance 
the project will be late (> 15 weeks). The range of project completion is between 12 – 17 weeks. Analysis 
shows that the path of A – C – D has a higher chance to be a critical path with 45.8% probability. A – B – 
D has only 28.4% chance, and the chance both path as critical path is 25.8%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
Figure 2. Simulation result statistics of project X-123 (a) total duration and (b) total cost 
 
In term of project cost, it is estimated the project cost would be between IDR 893 million – 1.09 billion. 
This means there is 0 probabilities that project will suffer losses. However, since the target is to obtain the 
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project cost of less than IDR 1 billion, the chance of the project cost will be higher than the target is only 
17.9%. In the other hand, the chance for the project cost to meet the target is 82.6%. Further analysis 
shows that the probability to get a penalty as much as IDR 11 million is 25.9% (1 week late) and penalty 
of IDR 22 million is 8.6% (2 weeks late). Figure 2 (b) shows the profile of project cost. 
From the two aforementioned statistics above, we can estimate the range of project reliability. The 
probability of the project to complete in less than or equal to 15 weeks and at the same time spending cost 
of less than or equal to IDR 1 billion is 58.7%. 
 If the project manager wants to increase this probability, the key will be to raise the probability of 
completion time ≤ 15 weeks as it has lower probability compared to the ability to meet the targeted cost. 
Based in the sensitivity analysis, the rank of sensitive factors are shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Sensitivity analysis of project X-123 
 
The first three factors to have most significant impact to the project reliability is related to durations 
(duration of D, C, and B). Duration of D is ranked first since it highly contributes in reducing the lead 
time (as a part of both potential critical path), and then followed by C and B duration (C has a higher 
uncertainty compared to B). The rank following the duration is the amount of resources used (A2, D2, and 
A3). 
5. Conclusion 
We have developed a model to evaluate the probability of a project to meet the targeted time and cost 
by considering time-cost-resources relationship under uncertainty (project reliability). The model was also 
supported by a simple numerical example. Based on the research, we believe that this model would 
contribute to practical meaning, especially when a project manager needs a supporting tool to evaluate his 
planning. The numerical example was given to demonstrate how the proposed model works in a several 
project types of different constraint. The result has shown that the approach can be used to evaluate the 
project time completion estimate, the project cost completion estimate, and the project reliability 
simultaneously. The factors which have significant impact to project reliability can also be identified 
using sensitivity analysis. The top ranks are candidates for further risk analysis.  
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